To investigate the mortality probability, life expectancy of coal workers' pneumoconiosis (CWP), and related factors of life expectancy, a total of 495 patients with CWP were diagnosed and reported from 1963 to 2014 in a state-owned mine in the east of China. The life table method, log rank method, and Cox regression model were used for survival analysis. 95 out of 495 CWP died during this period. The mortality rate was 19.19%. The average life span was 12.1 (0.0-33.2) years and average death age was 57.4 (33.0-83.0) years. The life table indicated that overall mortality probability increased with the age of CWP patients. Life expectancy of CWP patients was prolonged to 4.3, 1.4, 1.2, and 1.4 years without death caused by pneumoconiosis, tuberculosis, lung cancer, and pulmonary heart disease respectively. The survival curve of CWP patients without pulmonary tuberculosis was higher (average 37.9 years) than patients with pulmonary tuberculosis (average 34.1 years). There was significant difference observed (χ 2 = 6.196, p < 0.05). Three risk factors that include initial dust exposure year, age of onset, and first diagnostic stage were put into the Cox regression model for evaluation. The data indicated that prevention and treatment of CWP complication is important to improve patients' survival rates.
Introduction
For a long time, dust has been one of the main occupational hazard factors in China. At present, the mining industry is the most serious dust hazard [1] . There are many types of mining with similar processes, which mainly include exploration, development, operation, decommissioning, and land reclamation. Coal mining is one of the most serious occupational disease hazards in our country. In 2014, the number of occupational disease cases in coal mining accounted for 38.02% of the total number of occupational disease cases reported. The control of dust hazard has become a top priority. However, in coal mines, it is hard to prevent the dust production completely after destruction of a rock mass and coal seam. It is possible to reduce coal mine dust levels for protection miners' severe Coal Workers' Pneumoconiosis (CWP), but the resource is expensive and intensive. The most effective measure is decreasing dust concentration in the air of workplaces by adopting the passive preventive measures, such as wet working, timely dust cleaning, reducing wind velocity, and reducing the damage to rock and coal seams during tunneling [2] . Coal mine dust concentration is still relatively high, and the dust is liable to be inhaled by the underground miners, which could lead to lung fibrosis, namely CWP. In addition, the dust could also cause inflammation of the upper respiratory tract, chronic obstructive pulmonary disease (COPD), and so on [3] .
CWP refers to a kind of chronic systemic disease characterized by diffuse fibrosis of the lung tissue, which is caused by long-term inhalation and retention of productive dust by coal mine dust exposure workers in occupational activities. Its main pathological changes include coal spot, focal emphysema, coal silicon nodule, diffuse fibrosis, progressive massive fibrosis (PMF), etc. The coal mine workers could respectively be exposed to coal dust, silicon dust, and silicon coal dust due to different types of work in the process of coal mining [4] , thus causing coal pneumoconiosis, silicosis, and coal silicosis, collectively known as CWP. There is no specific medicine and effective treatment. Relieving symptoms, reducing complications and slowing disease progression are mainly treatment countermeasures [5, 6] . Due to the progression and irreversibility of CWP, the patients lose labor ability gradually, reducing quality of life and shortening life expectancy. Besides, the disease puts physical, mental, and economic burdens on patients and their families, as well as affecting the normal production, survival, and sustainable development of enterprise, causing incalculable economic loss to the society [7] .
China is one of the countries most seriously affected by productive dust in the world since it has the largest pneumoconiosis and dust exposed population [8] . The Chinese government is very concerned about its prevention and control, and it has put substantial manpower and material resources into establishing a perfect occupational health management and technical service system. Data from the official website of the Ministry of Health of China showed that 26,873 new cases of pneumoconiosis were diagnosed in 2014, accounting for 89.66% of all reported occupational diseases in China, of which 13,846 (51.52%) were CWP. The number of pneumoconiosis patients accumulatively detected is staggering and likely remains the tip of the iceberg. In addition, new cases of CWP increase quickly every year [9] . A total of 17,023 coal workers from the Kailuan Colliery Group were studied. It suggested that the present and future incidence trends of CWP remain high among coal workers in China [10] .
A 23-year follow-up study to evaluate the mortality experience of 8899 working coal miners at 31 U.S. coal mines conducted by National Institute for Occupational Safety and Health (NIOSH) showed that exposure to coal mine dust leads to increased mortality, even in the absence of smoking [11] .
The British Pneumoconiosis Field Research (PFR), a prospective exposure-response epidemiological study, was conducted by the Institute of Occupational Medicine, on behalf of the British coal industry, between 1953 and 1991. Supplementary studies and data analysis continue to this day. Key risk estimates from the PFR provide a guide to the most recent and most reliable estimates of dust related risks of substantial pulmonary disease, and to the magnitude of the effects. The most reliable estimates of risks of coal workers' simple pneumoconiosis (CWSP) and progressive massive fibrosis (PMF) were based on about 50,000 observations of men at risk during 25 years of the research. These findings showed that risk of PMF is positively related to dust exposure, age, stature (body mass index, BMI), the presence of CWSP, and the proportion of carbon in the coal. Risks of an attack of PMF rise from about 0.8% at 1.5 mg·m −3 to about 5% at 6 mg·m −3 . Risks of category II CWSP are higher, rising from about 1.5% at a mean concentration of 1.5 mg·m −3 to about 9% at 6 mg·m −3 . Though there has not been a similar study in China, these studies provide detailed information on the mortality experience of coal miners in other countries, and provide a starting point for understanding PMF effects on Chinese coal miners [12] .
The coal production base of China National Coal Group Corp. in Jiangsu has nearly 50 years of mining history. The base experienced the establishment of occupational disease prevention laws and regulations as well as the development of dust-proofing technologies, measures, and equipment from scratch. The replacement of coal mining equipment, the implementation of dust control measures, dust exposure of miners, and incidence of CWP of this base can be a good representative one of Chinese state-owned coal mines. To investigate the mortality probability and life expectancy of CWP and related factors of life expectancy, we investigate 495 cases of CWP patients from 1963 to 2014 in this mining area.
Materials and Methods

Subjects
We investigated all CWP patients in this mining area who were exposed to dust more than half of their length of service. Besides, patients of the study were collectively diagnosed by an institution with qualification in pneumoconiosis diagnosis in Jiangsu Province, China. The diagnosis was implemented according to the appendix of "silica dust workers medical preventive measures" which was enacted in 1963 to 1986. The diagnosis was made based on "GB 5906-1986 pneumoconiosis X-ray diagnostic criteria and principles of treatment" between 1986 and 1997. From 1998 to 2002, we used "GB 5906-1997 X-ray diagnosis of pneumoconiosis" standard for diagnosis and choose "GBZ 70-2002 diagnostic criteria for pneumoconiosis" diagnosis between 2002 and 2009. A "GBZ 70-2009 diagnostic criteria" has been used for pneumoconiosis diagnosis after 2009. All subjects made agreements with patients before they participated in the study. This research protocol was specifically approved by the Ethics Committee of Nanjing Medical University (Nanjing, China) under the number FWA00001501.
Data Source
The data of CWP patients came from diagnostic information of the staff hospital or epidemic prevention departments in this mining area and the database record information of safety department in four mines. The collection deadline was in October 2014. The collected data included date of birth, type of work, initial date of dust exposure, end date of dust exposure, date of first diagnosis of CWP, diagnosis of the period, year of stage enhancement, complication with tuberculosis, etc. The cause of death information was filled based on a uniform standard. The birth, death date and causes of death were verified one by one. The missing data was checked to ensure the integrity and reliability of the data. The classification of deaths was categorized according to the International Classification of Diseases (ICD-10).
Definition of Death Cause and Censored Data
(1) Death cause: died of CWP or its complications, such as tuberculosis, lung cancer [13, 14] , pulmonary heart disease, etc. (2) Censored data: death from other causes, such as cardiovascular accidents, liver failure, accidents, and so on, or still alive at the end of observation.
Statistical Analysis
The data was analyzed by SPSS 16.0 (IBM, Armonk, NY, USA) and grouped by age. The group begins at 25 years old, with 5-year intervals, ending at over 70 years old. The expected number of surviving CWP patients and life expectancy were calculated by the mortality rate, the cumulative survival rate, and the death probability on the basis of the abridged current life table. Survival analysis adopted Kaplan-Meier method and Cox proportional hazards regression model (referred to as Cox model) based on partial maximum likelihood estimation of the forward method (Forward: LR). The regression variable assignment is listed in Table 1 . 
Results
In this coal mine, 495 cases of CWP were diagnosed from 1963 to 2014 and 95 of them died. The mortality rate was 19.19%. The average life span was 12.1 (0.0-33.2) years. The average death age was 57.4 (33.0-83.0) years.
Death Probability of CWP Patients in Different Age Groups
The death probability of 495 CWP patients in different age groups calculated based on corrected observed patients. The deceased patients are listed in Table 2 .
Life Expectancy of CWP Patients in Different Age Groups
Assuming that there were 100,000 CWP patients of the same generation in the 25~age group, the expected surviving patients and life expectancy (Table 3) for each age group are calculated based on the death probability. It is indicated that the overall death probability increases with the age of CWP patients. This group of CWP patients is expected to survive 25.6 years, while the death probability was 50.00%, and the median survival age is 70.0 years.
Effects of Several Major Causes of Death on Life Expectancy of CWP Patients
In 95 deceased CWP patients, 31 cases died from pneumoconiosis, accounting for 32.63% of all deaths; 12 died from other tumors, accounting for 12.63%; 11 cases died from pulmonary tuberculosis, lung cancer, pulmonary heart disease, accounting for 11.58%. The impact of each cause of death on the life expectancy of CWP patients is shown in Table 4 . When removing death caused by pneumoconiosis, tuberculosis, lung cancer, and pulmonary heart disease, the life expectancy of CWP patients was prolonged by 4.3, 1.4, 1.2, 1.4 years, respectively.
Comparison of Survival Curves between CWP Patients with Pulmonary Tuberculosis and Patients without Pulmonary Tuberculosis
The Kaplan-Meier method was used to estimate the cumulatively survival rate. 495 CWP patients included 459 cases without pulmonary tuberculosis and 36 cases with pulmonary tuberculosis. 80 out of 459 cases without pulmonary tuberculosis died, the mortality rate was 17.43%, the average dust exposure years was 24.5, the average survival years was 12.4. Of those diagnosed with pulmonary tuberculosis 5 out of 36 patients died, the mortality rate was 41.67%, the average dust exposure years was 24.4, the average survival years of dead patients was 10.8. We found that the survival curve of CWP patients without pulmonary tuberculosis was higher than patients with pulmonary tuberculosis. There is a significant difference observed (χ 2 = 6.196, p < 0.05). The survival curve is shown in Figure 1 . The average survival time of surviving CWP patients without pulmonary tuberculosis was 37.9 years, and the average survival time of surviving CWP patients with pulmonary tuberculosis was 34.1 years. 
Cox Model Analysis of Factors Influencing Survival Life of CWP Patients
The survival outcome and survival years of CWP were taken as the dependent variables. Initial dust exposure year, dust exposure years, age of onset, time since first exposure, first diagnostic stage, work type, and complication with pulmonary tuberculosis or without were taken as the independent variables. As shown in Table 5 , there are three factors, including initial dust exposure year, age of onset, and first diagnostic stage, put into the regression model, which are the risk factors for the survival of CWP patients. The relative risk (RR) of death were 1.897, 0.943, and 0.902 for the first diagnostic stage, age of onset, and initial dust exposure year respectively. 
Discussion
Nowadays, CWP is still believed to be the main occupational disease in China. A systematic analysis of studies from [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] showed that the pooled prevalence of CWP was 6.02% and the pooled rate of CWP patients combined with tuberculosis was 10.82%. It was concluded that the prevalence of CWP was still high in China compared to UK (0.8%, 1998-2000) and the USA (3.2% in 2000s) [15] . Long-term silica dust exposure was associated with substantially increased mortality among Chinese workers [16] . The increased risk was observed not only for deaths due to respiratory diseases and lung cancer, but also for deaths due to cardiovascular disease.
Between 1964 and 1999, there were 957 cases of CWP patients who died of pneumoconiosis in Xuzhou Mining Group, the average death age of patients without tuberculosis was 65.1 years old [17] , slightly higher than 57.4 years old in our survey. The average death age of patients with tuberculosis was 58.9 years old [17] . In the analysis of death causes in CWP patients, mortality rate and life years are indicators of harm severity of CWP. Life table method is a statistical table made based on age-specific mortality rates, which can express the life process of specific population. Besides, it is one of the ideal methods to evaluate the effectiveness of prevention and treatment of chronic diseases. It can also reflect the death and prognosis of CWP patients at different stages after diagnosis more objectively and dynamically. It provides a scientific basis for prolonging age of onset and life years of CWP patients. In this study, we analyzed the life expectancy of 495 diagnosed CWP patients (95 deaths) from a coal mine of east China from 1963 to 2014 using this method. We estimated that the survival years of 100,000 CWP patients of the same generation was 25.6 years, while the cumulatively death probability was 50.0%, and the median survival age was 70.0 years. This is lower than 32.9 years in the investigation of life expectancy of CWP patients in high altitude localities by Shi Chunbo [18] . To estimate the life expectancy, quality-adjusted life expectancy (QALE), and their losses, in patients with pneumoconiosis in Mongolia, a study including 432 pneumoconiosis patients diagnosed during 1986-2006 indicated that the life expectancy and expected years of life loss (EYLL) of a patient with pneumoconiosis were 18.1 and 9.5 years, respectively [19] . In addition, QALE and loss of QALE were 15.1 and 12.5 quality-adjusted life years (QALYs), respectively, indicating a health gap of 45% [19] .
To characterize the impact of premature mortality attributed to CWP in the United States, the CDC's National Institute for Occupational Safety and Health (NIOSH) analyzed annual underlying cause of death data from 1968 to 2006 [20] [20] .
Tuberculosis is the most common complication of pneumoconiosis patients [21] . Pneumoconiosis with pulmonary tuberculosis is more serious than pneumoconiosis without pulmonary tuberculosis, and it progresses quickly [22] . Pneumoconiosis at different stages with active tuberculosis has been listed into the assessment of occupational injury and occupational disease disability grade. Pneumoconiosis and tuberculosis infection are related to the immune system of the body. Pneumoconiosis can reduce immune function and promote tuberculosis infection or recurrence. Tuberculosis can speed up the disease progression of pneumoconiosis because of the diminished ability of the respiratory tract to remove dust, thus causing a decrease of life span and increased mortality rate. The survey data from Xuzhou Mining Group in the same region showed that 9.69% of CWP patients died of tuberculosis [17] , which is similar to our data that CWP patients died of tuberculosis accounted for 11.58% of the total number of deaths. The mean survival time of CWP patients without tuberculosis was 37.9 years, which was higher than 34.1 years of patients with tuberculosis. The data indicated that pulmonary tuberculosis affected the prognosis of CWP patients, and it was one of the main reasons leading to progression of disease and decrease of survival years of CWP patients. In addition, the life expectancy of CWP patients was prolonged by 4.3, 1.4, 1.2, and 1.4 years when removing the death caused by pneumoconiosis, pulmonary tuberculosis, lung cancer, and pulmonary heart disease, respectively. Thus, it is very important to prevent and control complications of pneumoconiosis during its treatments.
Cox model is a multivariate analysis method, which can comprehensively analyze the effects of many prognostic factors, eliminate the interference of confounding factors, and deal with the special censored data of survival data, especially for data of unknown distribution. It is a semi-parametric survival analysis method for death data [18] . There are many factors influencing occurrence of CWP and death of patients [23, 24] . The Cox model plays its advantages fully in multivariate analysis when using it to explore related risk factors of survival years in CWP patients [25] . The survey indicates that initial dust exposure year, age of onset, and first diagnostic stage are important risk factors for the CWP patients' survival. The initial dust exposure year mainly reflects the dustproof condition, and initial dust exposure year ahead indicates increased death risk of CWP patients. Onset of age reflects the individual differences of pneumoconiosis occurrence. The first diagnostic stage hints the severity of disease.
A cohort study including 1847 patients with CWP and 43,742 coal workers without CWP who were registered in the employment records of the Datong Coal Mine Group suggested that, if advanced dustproof equipment was adopted, losses of 1.207 billion RMB would be prevented and 4698.8 healthy life years would be gained [26] . Investments in advanced dustproof equipment would be a total 843 million RMB; the ratio of investment to restored economic losses was 1:1.43. Controlling workplace dust concentrations is critical to reducing the onset of pneumoconiosis and achieving economic benefits [26] . Therefore, strengthening management, implementation of effective wet work, adequate individual protective equipment and automation, and the closed production of dust are the main measures for decreasing the risk of CWP [27] .
Conclusions
Based on survival analysis data, it is important to focus on CWP patients with complicationsespecially those with pulmonary tuberculosis-or earlier initial dust exposure year for improving their survival rate. The patients need more aggressive follow-up investigations to extend their life through preventing complications.
